Abstract -Magnetic resonance techniques have been applied i n some photor e a c t i o n s o r i g i n a l l y i n v e s t i g a t e d by Ciamician and S i l b e r , and i n r e l a t e d systems i n s p i r e d b y t h e i r studies.
The pioneering work o f Giacomo Ciamician and h i s associate Paul S i l b e r i n Bologna between 1900 and 1915 provided an e a r l y i n d i c a t i o n o f t h e r i c h v a r i e t y o f photochemical r e a c t i o n s . I n t e r e s t i n g l y , t h e i r substrates were chosen so t h a t t h e i r work covered t h e f u l l range o f t h e general r e a c t i o n types mentioned above. Indeed, many o f t h e s p e c i f i c r e a c t i o n s i n v e s t i g a t e d b y t h e Bologna group have remained a t t h e focus o f much a t t e n t i o n , although t h e emphasis o f t h e i n v e s t i g a t i o n s has changed.
Current i n t e r e s t i s centered on mechanistic questions, p a r t i c u l a r l y on t h e nature o f t h e p o t e n t i a l intermediates, whereas Ciamician and S i l b e r were i n t e r e s t e d m a i n l y i n e x p l o r i n g t h e wide range o f r e a c t i o n s t h a t could be induced b y exposure o f organic compounds t o sun1 i g h t .
Magnetic resonance methods are well s u i t e d t o probe t h e intermediacy o f r a d i c a l s o r r a d i c a l ions, r a d i c a l ( i o n ) p a i r s , b i r a d i c a l s , o r carbenes, and have shed new l i g h t on many o f t h e r e a c t i o n s explored by Ciamician and S i l b e r .
We have chosen r e p r e s e n t a t i v e r e a c t i o n types s t u d i e d by t h e Bologna group and w i l l elaborate c u r r e n t research, p a r t i c u l a r l y t h e applicat i o n o f magnetic resonance techniques, i n these areas.
PHOTOINDUCED REACTIONS OF CARBONYL COMPOUNDS

The f i r s t photoreaction i n v e s t i g a t e d by Ciamician was t h e photoreduction o f benzoquinone i n alcohol s o l u t i o n . He i d e n t i f i e d hydroquinone and acetaldehyde as complementary products o f
an o x i d a t i o n -r e d u c t i o n r e a c t i o n ( r e f . 1). These studies were c a r r i e d out as e a r l y as 1886, b u t Ciamician d i d not continue t h i s research because H e i n r i c h K l i n g e r had observed t h e same r e a c t i o n type a few months before him ( r e f . 2) and had "reserved" t h e f i e l d f o r himself. F i f t e e n years l a t e r Ciamician and S i l b e r returned t o carbonyl photochemistry and i n v e s t i g a ted t h e i r r a d i a t i o n o f benzophenone i n alcohol s o l u t i o n . They recognized t h e f i r s t example o f photopinacol i z a t i o n ( r e f . 3).
A thorough i n v e s t i g a t i o n o f benzophenone photochemistry followed, which included t h e r e a c t i o n w i t h toluene.
I n t h i s system, t h e f u l l complement o f geminate and f r e e r a d i c a l coupling products were i s o l a t e d , 1,1,2-triphenylethanol , and benzpinacol and bibenzyl , r e s p e c t i v e l y ( r e f . 4).
The photoreduction o f ketones and quinones by a v a r t e t y o f substrates s t i l l i s an important area o f photochemical i n v e s t i g a t i o n . I n t e r e s t has turned t o t h e mechanistic aspects o f t h e r e a c t i o n , s p e c i f i c a l l y t o t h e question whether t h e n e t hydrogen a b s t r a c t i o n i s i n i t i a t e d b y an e l e c t r o n t r a n s f e r step. Several techniques have been brought t o bear on t h i s question. E l e c t r o n paramagnetic resonance (EPR) has been used t o c h a r a c t e r i z e many semiquinone, semidione and k e t y l r a d i c a l anions, t h e species r e s u l t i n g from one-electron r e d u c t i o n o f t h e carbonyl moiety.
Time resolved EPR and chemically induced dynamic e l e c t r o n p o l a r i z a t i o n (CIDEP) are used i n several l a b o r a t o r i e s t o probe t h e p r i m a r y steps i n t h e l i g h t induced r e a c t i o n s o f various carbonyl compounds.
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The photoreaction o f t h e simplest ketone, acetone, with 2-propanol as hydrogen donor i n t h e c a v i t y o f an ESR spectrometer gives r i s e t o " m u l t i p l e t " CIDEP induced by S-T, m i x i n g i n t h e r e s u l t i n g r a d i c a l p a i r . The involvement o f an a d d i t i o n a l p o l a r i z a t i o n mechanism i s i n d i c a ted by t h e i n t e n s i t i e s o f several l i n e s , i n c l u d i n g t h e non-zero i n t e n s i t y o f t h e center l i n e ( r e f . 5). The i n t e r p r e t a t i o n o f t h e r e s u l t i n g e f f e c t s i s impeded b y t h e involvement o f two i d e n t i c a l r a d i c a l s w i t h d i f f e r e n t chemical h i s t o r i e s . However, t h e p o l a r i z a t i o n o f t h e two r a d i c a l s can be separated b y employing d i f f e r e n t i s o t o p i c a l l y l a b e l e d reagents, e.g. acetone-d6 w i t h 2-propanol-h8 .
The r e s u l t i n g CIDEP spectrum shows two components, a 7 -l i n e spectrum w i t h a s p l i t t i n g near 18 G, and a more n a r r o w l y spaced spectrum, presumably a 13-l i n e f e a t u r e caused by coupling t o s i x n u c l e i o f spin 1. Both spectra are s t r o n g l y enhanced and s u b s t a n t i a l l y d i s t o r t e d ( r e f . 6).
For several o t h e r ketones n e t CIDEP e f f e c t s provide i n s i g h t i n t o t h e r a t e s o f intersystem crossing from t h e e x c i t e d -s i n g l e t s t a t e t o i n d i v i d u a l tr i p I e t sub1 eve I s . F i g . 1 CIDEP spectra r e s u l t i n g from l a s e r e x c i t a t i o n o f acetone i n 2-propanol; l e f t : acetone-h,; r i g h t : acetone-d6.
Chemically induced dynamic nuclear p o l a r i z a t i o n (CIDNP) e f f e c t s have proved u s e f u l i n probi n g t h e i n i t i a l step i n t h e photoreduction o f ketones and quinones b y t e r t i a r y amines ( r e f . [7] [8] [9] . We have found evidence f o r a two-step mechanism i n i t i a t e d by e l e c t r o n t r a n s f e r and completed by p r o t o n t r a n s f e r .
We i l l u s t r a t e t h e e f f e c t s t h a t may be observed w i t h f o u r spectra o f v i n y l d i e t h y l m i n e , an unstable product formed d u r i n g t h e i r r a d i a t i o n o f quinones i n t h e presence o f t r i e t h y l a m i n e . Spectra l a (simulated) and I d can be explained by t h e involvement o f t h e aminium r a d i c a l c a t i o n and t h e aminoalkyl r a d i c a l , r e s p e c t i v e l y .
I n c o n t r a s t , spectra l b and l c r e q u i r e t h e cooperative involvement o f both species. I n t e r e s ti n g l y , t h e s i m u l a t i o n o f some o f t h e observed e f f e c t s suggests t h a t t h e p r o t o n i s n o t transf e r r e d form t h e aninium r a d i c a l c a t i o n t o t h e semiquinone counter i o n w i t h i n t h e geminate r a d i c a l i o n p a i r . Rather, a proton from t h e m i n i u m species i s t r a n s f e r r e d t o t h e b u l k o f t h e s o l u t i o n , a- 2. CIDNP spectra o f t h e a-( l e f t ) and 6-protons For example, t h e p h o t o l y s i s o f pinacolone l e d t o acetaldehyde and isopropylene ( r e f . 10). They established t h e analogous conversion o f cyclohexanone t o 5-hexenal ( r e f . 11) and o f menthone (2-isopropyl-5-methylcyclohexanone) t o 3. 7-dimethyl-5-octenal ( r e f . 12).
Based on t h i s example, t h e y concluded t h a t t h e cleavage occured between t h e carbonyl group and t h e more h i g h l y s u b s t i t u t e d a-carbon.
The i r r a d i a t i o n o f camphor produced campholenaldehyde and an unsaturated ketone ( r e f . 10); t h e former r e a c t i o n i s i n i t i a t e d by a-cleavage, whereas t h e l a t t e r i n v o l v e s i n t r a m o l e c u l a r yhydrogen a b s t r a c t i o n followed by B-cleavage.
Thus, Ciamician and S i l b e r deserve c r e d i t f o r d i s c o v e r i n g both types o f cleavage r e a c t i o n s (though t h e y d i d not f i n d a kind biographer who would associate t h e i r names w i t h these r e a c t i o n s ) .
Fenchone, though c l o s e l y r e l a t e d t o camphor, s u f f e r e d a seemingly d i f f e r e n t course o f photochemical reaction, g i v i n g r i s e t o carbon monoxide and an unsaturated hydrocarbon ( r e f . 10). With t h e advantage o f 75 years o f progress i n photochemistry i t i s obvious t h a t t h e two r e a c t i o n s are i n i t i a t e d by t h e same primary process and d i f f e r m a i n l y i n t h e ease o f decarb o n y l a t i o n o f t h e b i r a d i c a l intermediate.
The study o f c y c l i c ketones i s c u r r e n t l y focussed on t h e c h a r a c t e r i z a t i o n o f t h e o p t i c a l and magnetic p r o p e r t i e s o f t h e r e s u l t i n g b i r a d i c a l s and on t h e i r r e a c t i o n s upon e x c i t a t i o n w i t h a second photon ( r e f . 13).
The b i r a d i c a l l i f e t i m e s have been determined f o r a s e r i e s o f medium-sized a-phenyl-and a,al-diphenylcycloal kanones.
The intersystem crossing i n these species i s magnetic f i e l d dependent and can be dissected i n t o separate c o n t r i b u t i o n s due t o s p i n o r b i t coupling and electron-nuclear h y p e r f i n e coupling. The r e l a t i v e importance o f t h e two components v a r i e s w i t h r i n g size. In recent years an i n t e r e s t i n g complement t o t h i s r e a c t i o n has been observed: i r r a d i a t i o n o f a metastable c r y s t a l l i n e form o f t h e acid was found t o produce B -t r u x i n i c acid ( r e f . 17).
These studies f u r t h e r revealed t h e i n t e r e s t i n g formation o f cyclophanes upon p h o t o l y s i s i n p o l a r media ( r e f . 14). T h e i r formation can be r a t i o n a l i z e d v i a a-cleavage followed by r a d i c a l a d d i t i o n t o t h e para p o s i t i o n o f t h e aromatic moiety.
LIGHT INDUCED CYCLOADDITION REACTIONS OF OLEFINS
Ciamician and S i lber studied several d i m e r i z a t i o n r e a c t i o n s both i n t h e s o l i d and l i q u i d phase and t h e y were t h e f i r s t t o observe an i n t r a
This i s an i n t e r e s t i n g m a n i f e s t a t i o n o f t h e k i n d o f s e l e c t i v i t y t h a t may be observed i n s o l i d s t a t e photochemistry as a r e s u l t o f t h e h i g h l y ordered packing i n t h e c r y s t a l ( r e f . 18).
The s o l u t i o n photodimerizations studied i n Bologna included those o f s t i l b e n e and coumarin. Various mechanistic p o s s i b i l i t i e s e x i s t f o r these reactions, i n c l u d i n g t h e involvement o f e x c i t e d s i n g l e t o r t r i p l e t s t a t e s . Current i n t e r e s t i n t h i s area i s focussed on e l e c t r o n t r a n s f e r induced d i m e r i z a t i o n s and c y c l o a d d i t i o n s i n general.
We w i l l discuss several r a d i c a l c a t i o n cycloadditions, i n c l u d i n g an i n t r a m o l e c u l a r c y c l o a d d i t i o n and a r a d i c a l c a t i o n D i e l s Alder r e a c t i o n .
Reactions o f t h i s type can be i n i t i a t e d by chemical oxidations, f o r example by aminium s a l t s ( r e f . 19), b y pulse r a d i o l y s i s o f r e a c t a n t s i n g l a s s y m a t r i c e s ( r e f . 20), o r b y photoexcitat i o n o f an e l e c t r o n acceptor i n the presence o f t h e o l e f i n ( r e f . 21). The mechanism o f these c y c l o a d d i t i o n s i s o f great i n t e r e s t , i n p a r t i c u l a r t h e question whether t h e a d d i t i o n i s concerted o r stepwise.
Molecular o r b i t a l considerations i n d i c a t e t h a t such a r e a c t i o n may be o r b i t a l synmetry allowed ( r e f . 19) but s t a t e symmetry forbidden ( r e f . 20). The observation o f s t e r e o s e l e c t i v e c y c l o a d d i t i o n s , e s p e c i a l l y t h e r e t e n t i o n o f d i e n o p h i l e stereochemistry, has been i n t e r p r e t e d as evidence f o r a concerted mechanism ( r e f . 19). On t h e other hand, t h e existence o f a s i n g l y l i n k e d doubly a l l y l i c r a d i c a l c a t i o n derived from endo-dicyclopentadiene might be viewed as evidence f o r a stepwise mechanism ( r e f . I n t h i s system, enhanced absorption i n d i c a t e s t h a t t h e corresponding protons are attached t o carbons w i t h p o s i t i v e s p i n density.
The e l e c t r o n t r a n s f e r r e a c t i o n o f spiro [2.4] 
opane moiety. The same species i s i m p l i c a t e d i n t h e e l e c t r o n t r a n s f e r r e a c t i o n o f t h e dimer.
However, these r e s u l t s cannot be considered evidence f o r a concerted mechanism because o f a l i m i t i n g f e a t u r e inherent i n t h e CIDNP technique. I n o t h e r systems, however, evidence f o r dimer c a t i o n s i s indeed observed. We discuss a system t h a t shows p a r t i c u l a r l y i n t e r e s t i n g e f f e c t s , t h e e l e c t r o n t r a n s f e r induced cleavage o f t h e trans-head-to-head dimer o f dimethyl indene. F i g . 5 . CIDNP e f f e c t s observed d u r i n g t h e e l e c t r o n t r a n s f e r induced cleavage o f dimethyl indene dimer ( a ) and simulated spectra assuming t h e involvement o f a l o c a l i z e d dimer r a d i c a l c a t i o n (b), a s i n g l y l i n k e d dimer r a d i c a l c a t i o n (c), and t h e cooperative involvement o f both species ( d ) .
Nuclear spin p o l a r i z a t i o n e f f e c t s r e f l e c t t h e e l e c t r o n spin d e n s i t y d i s t r i b u t i o n o f t h e intermediates which are present i n s o l u t i o n d u r i n g the spin s o r t i n g process, t y p i c a l l y 1-10 ns a f t e r t h e generation o f t h e o r i g i n a l r a d i c a l p a i r . I n contrast, t h e s t r u c t u r e s o f s h o r t -l i v e d r a d i c a l successors w i l l not be r e f l e c t e d i n t h e p o l a r i z a t i o n o f t h e u l t i m a t e diamagnetic products. Accordingly, t h e above r e s u l t s merely e s t a b l i s h t h e existence o f t h e doubly l i n k e d r a d i c a l c a t i o n and t h e f a c t t h a t i t s u f f e r s c y c l o r e v e r s i o n o r r e d u c t i o n b y t h e counter ion.
An experiment u t i l i z i n g pulsed l a s e r e x c i t a t i o n allows a more d e t a i l e d i n s i g h t i n t o t h e mechanism o f t h i s c y c l o a d d i t i o n . Under these c o n d i t i o n s t h e r e a c t i o n o f t h e dimer s t i l l produces evidence f o r t h e involvement o f D ( F i g u r e 3, l e f t ) . However, t h e r e a c t i o n o f t h e monomer, e s p e c i a l l y a t h i g h monomer concentrations, provides evidence f o r a d i f f e r e n t dimer r a d i c a l c a t i o n , The nature o f t h i s intermediate i s most c l e a r l y i n d i c a t e d by t h e enhanced absorption s i g n a l s observed f o r Y and H I ( F i g u r e 3, r i g h t ) , which are c h a r a c t e r i s t i c f o r a s i n g l y l i n k e d r a d i c a l c a t i o n ( S ) . The ?i i gh monomer concentration used i n these experiments f a v o r s t h e r a p i d i n t e r c e p t i o n o f monomer r a d i c a l c a t i o n and, l i k e w i s e , t h e r a p i d r e d u c t i o n o f t h e doubly l i n k e d r a d i c a l c a t i o n . On t h e other hand, t h e r e d u c t i o n o f S t o form a s i n g l y l i n k e d b i r a d i c a l o r z w i t t e r i o n i s l e s s favorable, causing S t o be t h e p o l a r i z a t i o n determining intermed i ate, An i n t e r e s t i n g i n t r a m o l e c u l a r c y c l o a d d i t i o n was observed d u r i n g t h e photooxidation o f
methylenebicyclo~4.2.l]nona-2,4,7-triene ( 6 ) ( r e f . 25). Because o f t h e n a t u r e o f i t s HOMO i t i s reasonable t o assume t h a t t h i s system i n i t i a l l y forms a r a d i c a l c a t i o n w i t h spin and charge r e s t r i c t e d t o t h e butadiene fragment ( B t ) .
This intermediate undergoes r a p i d i n t r amolecular c y c l o a d d i t i o n t o generate a bishomoheptafulvene r a d i c a l c a t i o n f o r m a l l y d e r i v e d from a h i g h l y s t r a i n e d t e t r a c y c l i c s t r u c t u r e ( Q ) . The c y c l o a d d i t i o n step must be f a s t even a t -50°C; t h e b a r r i e r i s estimated t o be 5 kcal/mol. The existence o f Q+ i s a l l t h e more remarkable as t h e parent hydrocarbon can be detected by NMR o n l y a t -5O'C; a t temperatures as low as -20°C i t rearranges w i t h i n seconds t o B w i t h a b a r r i e r near 15 k c a l h o l . We ascribe t h e r e l a t i v e s t a b i l i t y o f Qt t o i t s c y c l i c conjugated nature and t o t h e f a c t t h a t t h e increase i n s t r a i n energy r e l a t i v e t o B+ i s minimized as t h e two p i v o t a l cyclopropane bonds are o n l y p a r t i a l l y formed ( r e f . 2 5 ) .
During i r r a d i a t i o n o f an e l e c t r o n acceptor i n t h e presence o f t h i s dimer t h e b e n z y l i c and non-benzylic cyclobutane protons o f t h e dimer showed emission w i t h camparable i n t e n s i t i e s . T h i s p o l a r i z a t i o n p a t t e r n i s seemingly incompatible w i t h e i t h e r o f t h e " l o g i c a l " intermediates one might e n v i s i o n f o r t h e c y c l o a d d i t i o n . It seems t o suggest an intermediate t h a t f a i l s t o u t i l i z e any element o f b e n z y l i c s t a b i l i z a t i o n .
The observed p o l a r i z a t i o n can be explained, however, as t h e sum o f two c o n t r i b u t i o n s from t h e doubly and s i n g l y l i n k e d r a d i c a l c a t i o n intermediates. This assignment i m p l i e s an e q u i l i b r i u m between t h e two species and r e q u i r e s t h a t both have camparable l i f e t i m e s .
The observed e f f e c t s can be simulated as "cooperative" e f f e c t s induced i n consecutive r a d i c a l i o n p a i r s ( r e f . 9).
The dimer r a d i c a l c a t i o n derived from tetramethylethylene was r e p o r t e d r e c e n t l y b y Desrosiers and Trifunac based on Fluorescence Detected Magnetic Resonance r e s u l t s ( r e f . 28).
A
A t higher o l e f i n concentrations a new spectrum w i t h reduced s p l i t t i n g (8.5 G) appeared, which was assigned t o t h e dimer c a t i o n . The assignment r e s t s on t h e magnitude o f t h e coupling, as t h e i n t e n s i t i e s o f seven ( o r nine) center l i n e s cannot d i s t i n g u i s h a 13-from a 2 5 -l i n e spectrum. 5-hexadiene ( r e f . 29,30 ) and 1,6-heptadiene ( r e f . 31). Photoinduced e l e c t r o n t r a n s f e r o f these d i o l e f i n s proceeds v i a s h o r t -l i v e d monoolefin r a d i c a l cations, which add t o t h e second o l e f i n i c moiety i n i n t r a m o l e c u l a r fashion. ESR r e s u l t s , CIDNP e f f e c t s , and t r a p p i n g experiments w i t h oxygen c l e a r l y e s t a b l i s h t h e existence o f r i n g -c l o s e d b i f u n c t i o n a l intermediates w i t h spin and charge d e n s i t i e s , r e s p e c t i v e l y , i n t h e 2 and 5 ( 2 and 6 ) p o s i t i o n s . Because o f t h e r i n g s t r a i n o f t h e p o t e n t i a l b i c y c l i c product i o n t h e c y c l o a d d i t i o n i s "arrested" a t t h e s t a t e o f t h e monocyclic b i f u n c t i o n a l i n t e rmediate.
One o f t h e most i n t e r e s t i n g r a d i c a l c a t i o n c y c l o a d d i t i o n s i s observed upon one-electron o x i d a t i o n o f appropriate d e r i v a t i v e s o f 1,
The b i f u n c t i o n a l intermediate i s o f special i n t e r e s t , because o f i t s r e l a t i o n t o t h e t r a n s it i o n s t r u c t u r e f o r the Cope rearrangement o f hexadiene.
Here as i n several o t h e r systems ( r e f . [32] [33] [34] t h e r a d i c a l c a t i o n p o t e n t i a l hypersurface has a minimum a t a geometry corresponding t o a saddle p o i n t on t h e hypersurface o f t h e parent molecule. I n p r i n c i p l e , t h i s e l e c t r o c y c l i c r e a c t i o n can be envisioned v i a t h r e e mechanistic extremes: a) a d d i t i o n might preceed cleavage; b) cleavage might preceed addition; c) bond making and bond breaking might occur i n concerted fashion.
Radical c a t i o n s corresponding t o key geometries o f a l l t h r e e mechanistic extremes have been characterized. 
LIGHT INDUCED ISOMERIZATIONS
Geometric isomerizations induced by t h e a c t i o n o f l i g h t were f i r s t observed by Perkin i n 1881 ( r e f . 37) and t h e scope o f t h e r e a c t i o n was expanded by Liebermann ( r e f . 16).
The Bologna group i n v e s t i g a t e d several isomerizations and detected even t h e d i r e c t interconvers i o n o f maleic and fumaric acids ( r e f . 38), which i n s u n l i g h t proceeds v e r y slowly. Various mechanisms have been documented f o r geometric isomerizations o f unsaturated moieties, i n c l u d i n g : r o t a t i o n i n t h e e x c i t e d s i n g l e t state; t h e intermediacy o f a perpendicular trip l e t state, populated e i t h e r by intersystem crossing, by t r i p l e t energy t r a n s f e r , o r by recombination o f a t r i p l e t r a d i c a l i o n p a i r ; r o t a t i o n i n a b i r a d i c a l adduct; and r o t a t i o n i n a r a d i c a l c a t i o n generated b y e l e c t r o n t r a n s f e r t o a photoexcited acceptor ( r e f . 39).
Many of t h e photoisomerizations proceeding v i a e x c i t e d s i n g l e t o r t r i p l e t s t a t e s lead t o p h o t o s t a t i o n a r y states.
I n c o n t r a s t , t h e isomerizations o f r a d i c a l c a t i o n s o f t e n occur as one-way isomerizations i n which t h e more s t a b l e isomer i s formed e x c l u s i v e l y . This i s found p a r t i c u l a r l y f o r t h e cis-isomers o f styrene d e r i v a t i v e s , v i z . anethole and l-phenyl-l-propene. I r r a d i a t i o n o f an e l e c t r o n acceptor i n t h e presence o f these o l e f i n s causes complete conversion w i t h i n seconds. The f a c t t h a t t h e i s o m e r i z a t i o n i s u n i d i r e c t i o n a l r e q u i r e s t h a t t h e b a r r i e r t o cis+trans i s o m e r i z a t i o n i s small compared t o t h e f r e e energy d i f f e r e n c e between t h e isomeric r a d i c a l cations.
The h i g h e f f i c i e n c y i s best explained by a r a d i c a l i o n chain mechanism i n v o l v i n g e l e c t r o n t r a n s f e r from t h e c i s -s u b s t r a t e t o t h e rearranged ( t r a n s -) r a d i c a l c a t i o n ( r e f . 39).
Isomerizations v i a t h i s type o f mechanism have been established, f o r example, f o r t h e e l e c t r o n t r a n s f e r induced rearrangement o f Dewar-benzene ( r e f . 40).
Another i n t e r e s t i n g i s o m e r i z a t i o n studied by Ciamician and S i l b e r was t h a t o f several oximes, a r e a c t i o n type t h a t was f i r s t described b y Liebermann i n 1895 ( r e f . 16) even b e f o r e t h e c i s -t r a n s isomerism o f oximes had been established.
Ciamician and S i l b e r found t h a t i r r a d i a t i o n caused t h e conversion o f a p h o t o l a b i l e oxime isomer i n t o a photostable one, whereas t h e reverse conversion was observed upon heating ( r e f . p.38).
On t h e o t h e r hand, i r r a d i a t i o n o f oximes i n s o l i d m a t r i c e s gives r i s e t o r a d i c a l s , For example, ESR spectra recorded a f t e r i r r a d i a t i o n o f biacetylmonoxime a t 5 and 77K show t y p i c a l powder p a t t e r n s w i t h s p l i t t i n g s c h a r a c t e r i s t i c f o r an iminoxyl r a d i c a l .
The spectra recorded a t t h e two temperatures d i f f e r m a i n l y b y t h e presence o f f o u r l i n e s i n t h e spectrum recorded a t lower temperature.
S u b t r a c t i o n o f t h e 77K from t h e 5K spectrum r e v e a l s t h e corresponding t r a n s i e n t as t h e methyl r a d i c a l by t h e c h a r a c t e r i s t i c s p l i t t i n g o f 31 G (Fig. 6 ).
Apparently, t h i s species i s trapped a t t h e lower temperature but gains s u f f i c i e n t m o b i l i t y a t 77K t o a l l o w i t t o m i g r a t e and r e a c t . The d i f f e r e n c e between s o l u t i o n and t h e g l a s s y m a t r i x must be ascribed t o t h e much slower d i s s i p a t i o n o f excess energy i n t h e l a t t e r .
F i g . 6. EPR spectra observed a f t e r UV i r r a d i a t i o n o f biacetylmonoxime i n a m e t h y l t e t r a h y d r o f u r a n m a t r i x a t 5K and 77K ( t o p ) and d i f f e r e n c e spectrum (bottom).
While t h e i r r a d i a t i o n o f oximes causes syn-anti isomerization, t h e c l o s e l y r e l a t e d oxime e s t e r s s u f f e r bond homolysis ( r e f . 41). Thus, a p p r o p r i a t e l y s u b s t i t u t e d biacetylmonoxime e s t e r s have been used as photo-polynerization i n i t i a t o r s . The fragmentation mechanism has been formulated as i n v o l v i n g N-0 cleavage followed by l o s s o f a c e t o n i t r i l e and decarbonylat i o n .
However, EPR spectra observed upon p h o t o l y s i s o f s u b s t i t u t e d dicarbonylmonoxime e s t e r s i n r i g i d m a t r i c e s f a i l t o support t h e involvement o f i m i n y l r a d i c a l s and support o n l y t h e formation o f t h e u l t i m a t e decarbonylation product ( r e f . 9). These r e s u l t s i n d i c a t e t h a t a d d i t i o n a l decomposition pathways need t o be cnsidered.
CONCLUSION
Ciamician and S i l b e r have l e f t a r i c h legacy o f i n t e r e s t i n g photochemical systems, i n v o l v i n g both i n t r a -and i n t e r m o l e c u l a r r e a c t i o n s o f ketones, oximes, and o l e f i n s . The a p p l i c a t i o n o f magnetic resonance techniques i n t h e i r photochemistry aloows i n s i g h t i n t o mechanistic d e t a i l s o f these r e a c t i o n s . S t i l l , t h e i n f o r m a t i o n gained i n some systems remains i n s u f f ic i e n t ; f u r t h e r s t u d i e s and p o o s i b l y new techniques are r e q u i r e d t o f u l l y e l u c i d a t e t h i e r mechanisms.
